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Objectives: Atrial flutter is a frequent, potentially fatal complication of the 
Fontan operation, but risk factors for its development are ill defined. We 
evaluated clinical features that might predict the development of atrial 
flutter in patients who had a Fontan operation. Methods: We evaluated 334 
early survivors of a Fontan operation done between April 1973 and July 
1991 (mean follow-up, 5.0 --!- 3.8 years). Evaluation included electrocardi- 
ography, Holter monitor ecordings, and chart review. Modifications of the 
Fontan operation included an extracardiac conduit (n = 43), an atriopul- 
monary anastomosis (n = 117), or a total cavopulmonary anastomosis (n = 
174). Patient, time, and procedure-related variables were analyzed with 
respect to the development of atrial flutter. Results: Atrial flutter was 
identified in 54 (16%) patients at a mean of 5.3 -+ 4.7 years (range 0 to 19.7 
years) after Fontan operation. Atrial flutter developed sooner and was more 
likely to occur in patients who were older at the time of Fontan operation 
(12.4 - 7.6 vs 6.3 - 5.2 years; p < 0.001), had a longer follow-up interval 
(8.7 + 3.9 vs 4.4 _ 3.4 years; p < 0.001), had a prior atrial septectomy or 
pulmonary artery reconstruction (p < 0.01), and had worse New York 
Heart Association class symptoms (p < 0.02). The presence of sinus node 
dysfunction was associated with a higher incidence of atrial flutter (p "< 
0.001). Although there was a lower prevalence of atrial flutter in those 
patients with a total cavopulmonary anastomosis, the follow-up for this 
group was shorter. Anatomic diagnoses, perioperative hemodynamics, and 
other previous palliative operations were not associated with an increased 
incidence of atrial flutter. Multivariate analysis identified age at operation, 
duration of follow-up, extensive atrial battting, and type of repair as factors 
associated with the development of atrial flutter after Fontan operation. 
Conclusion: Atrial flutter continues to develop with time after the Fontan 
operation. Further follow-up is necessary to determine whether a total 
cavopulmonary anastomosis reduces the incidence of atrial flutter. 
(J Thorac Cardiovasc Surg 1997;113:80-6) 
A trial flutter is a frequent sequela of the Fontan operation with a reported prevalence of 12.5% 
to 26% at intermediate and late follow-up. 1-5 Atrial 
flutter in a patient with a Fontan circulation can 
cause significant hemodynamic compromise and is 
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potentially fatal. 1' 3, 6-8 The high prevalence of atrial 
arrhythmias may be a result of extensive atrial 
surgical procedures, elevated atrial pressures, and 
atrial enlargement. 2-4' 9 Atrial flutter is the single 
most common atrial arrhythmia in this patient pop- 
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ulation3-5; however, risk factors associated with this 
compl icat ion remain ill defined. Previous studies 
have been based on small numbers of pat ients 2-4 or 
have combined a variety of supraventr icular rhyth- 
mias with different mechanisms, a°
The purpose of this study was to evaluate clinical 
features that may predict  the development  of atrial 
f lutter in a large group of patients who have under-  
gone a Fontan  operat ion and to identify factors 
predisposing to an earl ier development  of atrial 
flutter. 
Methods 
Patients. Between April 2973 and July 1991, 500 pa- 
tients underwent a Fontan operation at Children's Hos- 
pital, Boston. A retrospective chart review and a review of 
all available leetrocardiograms (ECGs)and Holtet mon- 
itor recordings were done. As part of a comprehensive 
cross-sectional review, patients' cardiologists were re- 
quested to provide a recent clinical evaluation, ECG, and 
Holtet monitor recording. Factors related to early and 
late outcome and hemodynamic findings are the subjects 
of separate reports. 
Inclusion eriteria for this study included early survival 
with a Fontan circulation and the availability of an ECG 
or Holter monitor ecording at least 1 month after Fontan 
operation. Among the 500 patients, 84 had an early failure 
or death and were eliminated from the analysis. Of the 
416 potentially eligible patients, 82 had inadequate fol- 
low-up information and were also excluded; therefore 334 
patients form the basis of this report. An ECG was done 
in all patients, and 193 patients had a Holter monitor 
recording. 
Definitions. For the purposes of this study, atrial flutter 
was defined as a documented primary intraatrial reentrant 
rhythm that occurred beyond the immediate postopera- 
tive period. The time to atrial flutter was defined as the 
time to the first episode documented by either an ECG or 
Holter monitor recording. Sinus node dysfunction was 
defined as being present if the patient had marked sinus 
bradyeardia (resting heart rate >2 standard deviations 
less than age-adjusted mean), junctional rhythm, or symp- 
tomatic bradycardia resulting in placement of a pace- 
maker. 
The types of Fontan procedure were grouped into three 
categories: an extracardiac conduit, a direct atriopulmo- 
nary connection, and a total cavopulmonary anastomosis. 
An extracardiac conduit used a Dacron tube connecting 
the right atrium to the right ventricular outflow tract or 
the pulmonary artery. The direct atriopulmonary connec- 
tion was done by incising the roof of the right atrium and 
suturing it posteriorly to the right pulmonary artery. In 
some cases, this conneetion was augmented with a peri- 
cardial patch. The total cavopulmonary anastomosis was 
done with an end-to-side anastomosis of the cardiac and 
cephalie end of the superior vena cava to the right 
pulmonary artery. A polytetrafiuoroethylene baffle was 
sutured along the lateral wall of the right atrium directing 
Table I. Variables examined with respect to
development ofatrial flutter 
Patient-related variables 
Diagnosis 
Age at Fontan operation 
Perioperative and postoperative h modynamics 
Atrial pressures at catheterization a d postop, examination 
Aortic saturation and pressure 
Mean pulmonary artery pressure 
Ventricular end-diastolic pressure 
Pulmonary vascular resistance 
Pulmonary blood flow (Qp) 
Systemic blood flow (Qs) 
Ratio of Qp to Qs 
NYHA class 
Procedure-related variables 
Type of repair 
Extracardiac conduit 
Direct atriopulmonary connection 
Total cavopulmonary anastomosis 
Atrial baffle 
Cardiopulmonary b pass time 
Aortic crossclamp time 
Prior procedures 
Cavopulmonary anastomosis 
Atrial septectomy 
Pulmonary artery band 
Pulmonary artery reconstruction 
Time-related variables 
Duration of follow-up 
Year of operation 
blood from the inferior vena cava to the superior vena 
cava. 
Variables evaluated. Variables examined that were po- 
tentially associated with atrial flutter are shown in Table I 
and include patient-related, procedure-related, and time- 
related variables. The presence of sinus node dysfunction 
in the postoperative p riod was noted. 
Statistical analysis. The primary outcome variable in 
this study was time to the development of atrial flutter. 
Patients in whom atrial flutter did not develop were 
considered to be censored at the time of most-recent 
follow-up. Patients who did not have follow-up informa- 
tion pertaining to the onset of arrhythmia that was 
obtained at least I month after the Fontan operation were 
eliminated from the analysis. Potential selection bias was 
examined by comparing perioperative data from study 
patients with data from those who were excluded. Because 
patients who did not have more than 1 month of follow-up 
were excluded from the analysis, time to atrial flutter was 
defined as the period beginning 30 days after the Fontan 
procedure and extending until the onset of lutter. For 
patients in whom arrhythmia began less than 1 month 
after operation, failure time is taken to be zero. By 
defining time to atrial flutter in this way, the uncertain 
effects of early arrhythmia in patients who have no 
subsequent follow-up are eliminated. For categorical pre- 
dictor variables, survival estimates were obtained for each 
8 2 Fishberger t aL 
The Journal of Thoracic and 
Cardiovascular Surgery 
January 1997 
1.00  
E 
01_  -~ ~, 0.75 
.~_= 
I./-14. 
õ ~ 0 .50  
~~ 0.25 
13.. 
0.00 ' ' ' ' ' ' ' ' ' 
0 2 4 6 8 10 12 14 16 18 20 
Time Since Fontan Procedure 
(Years) 
Fig. 1. Kaplan-Meier curve of freedom from atrial flutter 
as function of time since Fontan operation. 
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Fig. 2. Kaplan-Meier curves of freedom from atrial flut- 
ter as function of age at Fontan operation. 
level of the variable with use of the Kaplan-Meier method; 
subgroups were then compared by the log-rank test. 
Continuous predictors were broken down into quartiles 
and evaluated in a similar fashion. To assess the simulta- 
neous effects of these variables on time to atrial flutter, 
variables that were significant at the 0.10 level in a 
univariate analysis were included in a multivariate propor- 
tional-hazards model. A significance level of 0.05 was 
required for retention in the multivariate model. 
In a secondary analysis, an indicator of atrial flutter was 
treated as a binary response variable. Univariate relation- 
ships with categorical predictors were examined by the )(2 
test; relationships with continuous variables were evalu- 
ated by logistic regression. The simultaneous effects of 
these variables on the development of atrial flutter were 
assessed with use of a multivariate logistic regression 
model. These models controlled for duration of follow-up, 
because the longer a person is followed up the greater the 
opportunity for atrial flutter to develop and be observed. 
Results 
Study patients. The mean age at Fontan opera- 
tion was 7.3 + 6.1 years, with a mean follow-up of 
5.0 _+ 3.8 years. Anatomic diagnoses were grouped 
into six categories: 111 patients had a single left 
ventricle and normally related great arteries, 133 
had a single left ventricle and transposed great 
arteries, 35 had a single right or unknown ventricle, 
11 had hypoplastic left heart syndrome, 25 had 
heterotaxy syndrome, and 19 had other diagnoses. 
An extracardiac conduit was used in 43 patients, a 
direct atriopulmonary connection i  117, and a total 
cavopulmonary anastomosis n 174. During the fol- 
low-up period 309 patients have survived with a 
Fontan circulation, whereas 18 have died and 7 had 
either a heart transplantation (  = 5) or a takedown 
to a bidirectional Glenn (n = 1) or systemic-to- 
pulmonary artery shunt (n = 1). 
When compared with the 334 patients in the study 
sample, the 82 late survivors who had inadequate 
follow-up and were therefore xcluded id not differ 
with respect to age at operation, sex, anatomic 
diagnosis, type of repair, or preoperative hemody- 
namics. 
Atrial flutter was identified in 54 (16%) patients. 
The first episode of atrial flutter was identified at a 
mean of 5.3 _+ 4.7 years (range 0 to 19.7 years) after 
Fontan operation. In 2 patients atrial flutter oc- 
curred before the Fontan procedure and persisted 
after operation. I  4 patients atrial flutter was noted 
immediately after operation and recurred at a later 
time, whereas in others it developed as late as 19.7 
years after operation. 
Follow-up interval. The duration of follow-up 
was 8.7 + 3.9 years (median 8.6 years) in patients 
with atrial flutter and 4.4 + 3.4 years (median 3.4 
years) in those without atrial flutter (p < 0.001). 
Atrial flutter continued to develop with time after 
Fontan operation (Fig. 1). 
Age at operation. Patients in whom atrial flutter 
developed were older at the time of operation than 
those in whom it did not (12.4 + 7.6 vs 6.3 + 5.2 
years; p < 0.001). Atrial flutter developed earlier in 
those older than 10 years at Fontan operation (p < 
0.001, Fig. 2). 
Postoperative hemodynamics. A postoperative 
cardiac atheterization was done in 157 (47%) of the 
patients, 29 of 54 with atrial flutter and 128 of 280 
without atrial flutter. The mean right atrial pressure 
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Fig. 3. Kaplan-Meier curves of freedom from atrial flut- 
ter comparing those with and without sinus node dysfunc- 
tion. 
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Fig. 4. Kaplan-Meier curves of freedom from atrial flut- 
ter as function of type of Fontan operation. 
was significantly greater in those with atrial flutter 
(15.1 _+ 3.9 vs 11.7 _+ 3.3 mm Hg; p < 0.001). 
Sinus node dysfunction. A total of 45 patients 
(13%) had sinus node dysfunction oted during 
follow-up. Pacemaker implantation was done in 
21 (47%). The mean heart rate in those with sinus 
node dysfunction was 69 _+ 10 beats/min as com- 
pared with 85 _+ 18 beats/min for those without 
sinus node dysfunction (p < 0.001). Predominant 
junctional escape rhythm was noted in 16 (36%) 
with sinus node dysfunction. Among those with 
sinus node dysfunction, 20 (44%) had atrial flut- 
ter, whereas only 12% of those without sinus node 
dysfunction had atrial flutter (p < 0.001). In those 
with sinus node dysfunction, atrial flutter devel- 
oped earlier after the Fontan operation (p < 
0.001, Fig. 3). 
Type of repair. Although there was a lower prev- 
alence of atrial flutter in patients with a total 
cavopulmonary anastomosis, these patients were 
younger at the time of Fontan operation and had a 
shorter duration of follow-up. The development of
atrial flutter in patients with an extracardiac conduit 
was similar to that in patients with a direct atrio- 
pulmonary anastomosis (Fig. 4). 
Anatomie diagnoses. Time to atrial flutter was 
similar among the six anatomic diagnoses. However, 
atrial flutter was likely to develop sooner in those 
patients with left-sided atrioventricular valve atresia 
who received an atrial battte directing left-sided 
pulmonary venous return to a right-sided atrioven- 
tricular valve (p = 0.007). In patients who had a 
prior atrial septectomy or pulmonary artery recon- 
struction atrial flutter developed sooner (p = 0.004 
and p < 0.001, respectively). Factors that were not 
found to be associated with an earlier incidence of 
atrial flutter included other previous palliative pro- 
cedures and perioperative hemodynamics. 
Survival/funetional class. The presence of atrial 
flutter did not predict an increased incidence of 
death, transplantation, or takedown. Atrial flutter 
was less likely to occur in patients in New York 
Heart Association (NYHA) class I (10%) than in 
those in class II or III (21% and 26%, respectively, 
p = 0.02). There were no patients in NYHA class IV 
in our study group. 
Multivariate analysis. Analysis with a multivari- 
ate proportional hazards model suggested that an 
age at Fontan operation of 10 years or older (rela- 
tive risk [RR] 3.0, 95% confidence interval [CI] 1.7 
to 5.2, p < 0.001), having had prior pulmonary 
artery reconstruction (RR 4.9, 95% CI 2.0 to 11.9, 
p = 0.001), or requiring an atrial battte to direct 
left-sided pulmonary venous drainage to a right- 
sided atrioventricular valve (RR 5.0, 95% CI 1.9 to 
13.0,p = 0.001) all predicted a shorter time to atrial 
flutter. 
By a multivariate logistic regression model, atrial 
flutter was more likely to develop in patients if they 
were 10 years old or older at the time of Fontan 
operation (p < 0.001), had a prior atrial septectomy 
(p = 0.004), underwent the Fontan procedure in an 
earlier calender year (before 1988,p = 0.02), or had 
a longer follow-up interval (p = 0.02). 
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Discussion 
The high prevalence of atrial flutter at follow-up 
was asso¢iated with an older age at operation, a 
longer duration of follow-up, and the presence of 
coexisting sinus node dysfunction. The 16% preva- 
lence of atrial flutter detected in our patient popu- 
lation is consistent with reported intermediate and 
long-term results of other centers.l-6 The prevalence 
of atrial flutter increases with time after Fontan 
operation, and it is likely there will be an increasing 
number of patients in whom atrial flutter will de- 
velop in this patient population. In one patient in 
our study population atrial flutter developed almost 
20 years after Fontan operation. 
Weber and colleagues 2 previously reported the 
continuous decline in the proportion of arrhythmia- 
free patients in a small series of patients after 
Fontan operation. The occurrence of late postoper- 
ative atrial arrhythmias that gradually increases with 
continued follow-up has also been described in 
patients who have undergone a Mustard or Senning 
operation for transposition of the great arteries. 1>13 
The presence of a region of structural or func- 
tional block within the atria is a substrate for atrial 
muscle reentry. 14-2° The Fontan operation results in 
regions of structural block as a result of atrial 
incisions and multiple suture lines, as well as func- 
tional block from relative right atrial hypertension 
with right atrial dilation 21 and hypertrophy. During 
electrophysiologic study after Fontan repair, Kurer, 
Tanner, and Vetter 2~ reported a high prevalence of 
abnormal sinus node function, prolonged atrial re- 
fractoriness, delayed intraatrial conduction, and in- 
ducible atrial arrhythmias. 
In our population, there was a substantial propor- 
tion of patients with coexisting sinus node dysfunc- 
tion and atrial flutter. This has been previously well 
described as the "tachycardia-bradycardia syn- 
drome" in patients who have undergone opera- 
tion. 11-13 The frequent occurrence of sinus node 
dysfunction after Fontan operation is not surprising 
given the previous experience with the Mustard and 
Senning population. These atrial baffling operations 
are similar to the Fontan operation in that they 
require incisions and suturing in the region of the 
sinus node and its arterial supply. It has been 
speculated that bradycardia predisposes the heart to 
ectopic beats and prolonged refractoriness, which 
may provide the physiologic environment for atrial 
reentry. 22 This concept is supported by the observa- 
tion of improved control of atrial reentry tachycar- 
dia with antibradycardia p cing in some patients. 23 
Previous reports on factors that may be associated 
with the development of tachyarrhythmias fter 
Fontan operation identified older age at Fontan 
operation, increased right atrial size and pressure, 
elevated preoperative pulmonary artery pressure, 
and depressed ventricular function as possible fac- 
tors)' 4 In our population, elevated right atrial or 
pulmonary artery pressure measured at preopera- 
tive cardiac catheterization r by intracardiac ath- 
eters on the first postoperative day did not predict 
the development of atrial flutter. However, those 
patients with atrial flutter had an increased right 
atrial pressure at postoperative cardiac catheteriza- 
tion. Right atrial size was not examined in a system- 
atic fashion, and therefore we were unable to eval- 
uate this factor in our population. Clinical heart 
failure, as defined by NYHA class II or greater, was 
associated with an increased incidence of atrial 
flutter. 
Older age at Fontan operation predicted the 
development of atrial flutter; however, this relation- 
ship was not linear. Although development of atrial 
flutter was more likely in those older than 10 years 
old at operation, there were no differences detected 
between the younger age groups. In comparing 
outcome of patients who underwent a Fontan oper- 
ation before age 2 years with that of older patients, 
Weber and colleagues 24found that late arrhythmias 
occurred with equal frequency. 
The introduction of the total cavopulmonary 
anastomosis and lateral right atrial wall tunnel has 
led some to postulate that this technique may result 
in a decreased incidence of atrial arrhythmias when 
compared with an atriopulmonary connection. It has 
been proposed that a smaller atrial mass is exposed 
to a chronic increase in systemic venous pressure 
and might be beneficial in preventing late-onset 
arrhythmias.3, 6, 25 Although Balaji and associates 6 
reported a decreased incidence of early arrhythmias 
in the total cavopulmonary anastomosis group, no 
difference was detected in the incidence of late 
arrhythmias. A retrospective r view of early Fontan 
procedure survivors reported that patients who had 
a direct atriopulmonary connection were more likely 
to have the development of atrial arrhythmias. 1°
However, that study grouped together a variety of 
supraventricular rhythmias with different mecha- 
nisms. We found that the development of atrial 
flutter was similar over time in those who received 
repair with an extracardiac onduit or a direct 
atriopulmonary anastomosis, though initially atrial 
flutter appeared sooner in those with a direct atrial 
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pulmonary anastomosis. Those with a total cavopul- 
monary anastomosis appeared to have a decreased 
incidence of atrial flutter; however, the follow-up for 
this group of patients was shorter. 
Although a particular diagnosis was not associ- 
ated with an increased incidence of atrial flutter, in 
those patients in whom extensive atrial baffling was 
used atrial flutter was more likely to develop. This 
finding may be related to more extensive opera- 
tion within the atria or involvement of critical 
regions within the atria. This may also be reflected 
in the finding that atrial flutter was more likely to 
develop in patients who had a previous atrial 
septectomy, although atrial septectomies are fre- 
quently done in patients with left-sided atrioven- 
tricular valve atresia, some of whom also had 
complex intraatrial baffling. 
Study limitations. The "true" incidence of post- 
operative atrial flutter is diMcult to quantify. This 
study may overrepresent the percentage of patients 
in whom atrial flutter developed, because patients 
with symptoms may be more likely to seek medical 
attention and thus may have more recent follow-up. 
However, it is also possible that some of the late 
deaths were caused by an undetected episode of 
atrial flutter, thus underestimating the overall prev- 
alence of atrial flutter. Furthermore, the group with 
the most recent surgical modification, the total 
cavopulmonary anastomosis, had the shortest dura- 
tion of follow-up. 
Nevertheless, we have shown that atrial flutter 
continues to develop with time after the Fontan 
operation. The high frequency of this complication 
further demonstrates the palliative nature of the 
Fontan circulation. The recent trend of performing 
the Fontan operation at a younger age may contrib- 
ute to a decreased incidence of atrial flutter. Earlier 
identification of sinus node dysfunction with early 
institution of atrial pacing may also serve to de- 
crease the incidence of atrial flutter in this group of 
patients. Finally, although the total cavopulmonary 
anastomosis appears to be associated with a de- 
creased incidence of atrial flutter, continued pro- 
spective follow-up is necessary. 
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